The phenomenon of tumor-to-tumor metastasis in patients with synchronous or metachronous multiple primaries is a rare occurrence.[@B1]-[@B3] Diagnosis of tumor-to-tumor metastasis should meet certain criteria as follows: 1) more than 1 primary tumor must exist; 2) the recipient tumor must be a true benign or malignant neoplasm; 3) the metastatic neoplasm must be a true metastasis with established growth in the host tumor, and not as the result of contiguous growth (\'collision tumor\') or embolization of tumor cells; and 4) tumors that have metastasized to the lymphatic system, where lymphoreticular malignant tumors already exist, must be excluded.[@B4]

Carcinomas of the lung are the most common donors in tumor-to-tumor metastasis, followed by carcinomas of the breast, gastrointestinal tract, prostate, and thyroid. The most frequent recipient tumor is renal cell carcinoma (RCC), followed by meningioma, and thyroid tumor.[@B5] Here we report an unusual occurrence of papillary thyroid carcinoma (PTC) metastasizing to nonmucinous adenocarcinoma *in situ* (AIS) of the lung. To date, two cases in which thyroid cancer was metastasized to lung cancer have been reported in the English-language literature.[@B6],[@B7] However, the lung cancer was invasive carcinoma in their reports. Therefore, the present case is the first case reporting on PTC metastasized to AIS.

CASE REPORT
===========

A 44-year-old woman was admitted to the hospital for evaluation of pulmonary nodule detected on computed tomography (CT). She had a history of total thyroidectomy for PTC, which was performed 8 years ago. The primary PTC measured 2.4×1.3 cm in dimension with invasion into adjacent muscle and had metastasized to several regional lymph nodes (pT4N1) ([Fig. 1](#F1){ref-type="fig"}). After total thyroidectomy the patient had taken neck and chest CT scan at an interval of one year. The PTC recurred in the cervical lymph node after 2 years of total thyroidectomy. There was no evidence of lung metastasis. A follow-up CT scan taken after postoperative 6 years demonstrated the presence of two nodules in both the lower lobes of lungs. Both the nodules were 0.6 cm in the longest diameter. At the 2 years follow-up CT scan after detection of the pulmonary nodules, there was a slight increase in the size of right lobe nodule from 0.6 to 0.8 cm ([Fig. 2](#F2){ref-type="fig"}). Consequently, the patient underwent wedge resections of both lobes. The resected right lower lobe measured 5.8×3.3 cm in dimension and it contained a small nodule measuring 0.8×0.5 cm in dimension. Microscopically, the main part of the nodule showed typical histologic features of nonmucinous AIS. Single layer of cuboidal cells grew along the thick-ened alveolar walls in a lepidic pattern. There was no stromal or vascular invasion. Within the AIS area, there was a 0.2×0.1 cm sized lesion, which exhibited papillary structures with typical nuclear features of PTC. The papillary carcinoma was composed of enlarged cells with clear nuclei and occasional intranuclear inclusions ([Fig. 3](#F3){ref-type="fig"}). In addition, multiple microscopic foci of metastatic PTC were also observed in the surrounding normal lung tissue. Immunohistochemical staining for thyroid transcription factor-1 (TTF-1) and thyroglobulin was performed on both thyroid and lung tumor. Immunohistochemically, PTC of the thyroid gland was positive for both thyroglobulin and TTF-1. The tumor cells of the AIS of the lung showed immunoreactivity for TTF-1 antibody but were negative for thyroglobulin. The tumor cells in the papillary carcinoma in the AIS displayed diffuse positivity for thyroglobulin ([Fig. 3](#F3){ref-type="fig"}). These findings were consistent with AIS involved with metastatic PTC. The nodule in the left lung was identified to be chondroid harmatoma. After 11 months of lung resection, no newly developed lesion was observed in the lung. The patient remains still alive.

DISCUSSION
==========

We report herein an unusual occurrence of PTC metastasizing to AIS of the lung. The lung is one of the most frequent site of metastasis in the case of extrathoracic cancers. This phenomenon can be explained in terms of presence of certain features like: 1) they continuosly receive the entire right-sided cardiac output with every heartbeat; 2) they are the first capillary plexus met by cells after most of the lymphatic drainage enters the venous system; and 3) they consist of delicate membranes that may be beneficial for initially drawing on nearby oxygenated air for early sustenance.[@B8] However, lung carcinoma is one of the rarest recipients for tumor-to-tumor metastasis. RCC is the most common recipient tumor in tumor-to-tumor metastasis.[@B5] The reason for the relatively high incidence of RCC as a recipient for tumor-to-tumor metastases remains unclear. However, two major mechanisms have been considered to account for the possible explanations for this observed behavior. One is the rich regular network of thin-walled blood vessels of RCC, which renders them more accessible to metastatic tumor cells in the circulating blood, and the other is the high lipid and glycogen content in RCC, which may provide a nutrient-rich microenvironment for the growth of metastatic tumor cells.[@B9],[@B10] Based on the above explanations, presence of different vascular structures between normal lung and lung cancer may be the possible reason for the different potential as a site of metastasis. Unlike normal lung, lung cancer doesn\'t contain a rich network of small thin-walled blood vessels. The other possible explanation which we considered was that lung cancer is rapidly growing tumor therefore it cannot provide a suitable environment for the acceptance of metastasis. Regarding the reason for the relatively high incidence of lung cancer as a donor in tumor-to-tumor metastasis, Horie and Nomura[@B11] proposed that the rich vascularity of lung carcinoma in association with the probable shedding of tumor cells during respiratory movement might increase the frequency of invasion into the pulmonary vein and subsequently into the general circulation. The tumor emboli from lung cancer have a better chance to reach all the body organs through the left-sided cardiac output than cancers of the other organs.

Despite the incidence of multiple primary malignant tumors being between 4.2 to 8%, the occurrence of tumor-to-tumor metastasis is extremely rare. Regarding the reason for the rarity of these occurrences, Rabson et al.[@B2] suggested that neoplasms produce substances, which are locally antagonistic to the other new growth. Kikuchi et al.[@B12] considered the biological differences between cancer cells and normal ones and experimentally confirmed the antigenic difference between their membranous structures.[@B5] Furthermore, the nutritional requirement of a rapidly growing tumor may be extensive to the point where a nutritive competitive cellular growth ensues.[@B13],[@B14]

It is still unexplained whether tumor-to-tumor metastasis is merely of a chance occurrence or is a selective growth within the recipient tumor. Our case showed that the metastatic PTC foci were not limited to the AIS and multiple microscopic foci of PTC were observed in the surrounding normal lung tissue. Tumors that have metastasized to the other tumors are generally widely disseminated in the other regions of the body. Till date, no specific type of tumor with a predilection to metastasize to other tumors has been identified. Together, we suggest that our case of tumor-to-tumor metastasis is an incidental condition rather than a specific selective growth.

Such a combination of tumor-to-tumor metastasis (PTC within AIS) should be differentiated from primary mixed adenocarcinoma, which is composed of AIS and papillary adenocarcinoma of lung. Awareness about this phenomenon of tumor-to-tumor metastasis and proper immunohistochemical staining such as thyroglobulin are important for correct diagnosis.

Disease-specific survival of PTC patients with distant metastases at 5 and 10 years was reported to be 65 and 45%, respectively.[@B15] However, if the distant metastases was confined to the lung with small-sized nodule, it showed relatively favorable outcomes.[@B15]

In summary, we report a rare case of tumor-to-tumor metastasis to AIS of the lung. We believe that rich network of thin-walled blood vessels, good circulation, and less aggressiveness of recipient tumor than donor tumor may be the associated conditions in recipient tumor in tumor-to-tumor metastasis.
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![Microscopic features of patient\'s primary papillary thyroid carcinoma (PTC). (A) The tumor shows papillary growth pattern with typical nuclear features of PTC. Also, the tumor has infiltrated to adjacent skeletal muscle. Tumor cells show diffuse strong immunoreactivity for thyroglobulin (B) and thyroid transcription factor-1 (C).](kjpathol-46-282-g001){#F1}

![High resolution view of computed tomography scan showing two pulmonary nodules (arrows). The nodule located at RLL has ground glass opacity (GGO) pattern (A) and the nodule located at LLL has solid and GGO pattern (B). RLL, right lower lobe; LLL, left lower lobe.](kjpathol-46-282-g002){#F2}

![Microscopic features of the metastatic papillary thyroid carcinoma (PTC) within adenocarcinoma *in situ* (AIS), non-mucinous type. (A) Within the AIS, there is a microscopic-sized lesion showing papillary structures. (B) At higher magnification of papillary area, the papillary structures lined by cells showing nuclear features of PTC. (C) The greater part of the nodule shows typical histologic features of AIS. (D) The tumor cells in the papillary lesion displaying diffuse strong positivity for thyroglobulin.](kjpathol-46-282-g003){#F3}
